Introduction: Cardiac resynchronization therapy combined with an implantable cardioverter defibrillator (CRT-D) is widely applied in heart failure patients. Sufficient data on arrhythmia and defibrillator therapies during long-term follow-up of more than 4 years are lacking and data on mortality are conflicting. We aimed to characterize the occurrence of ventricular arrhythmia, respective defibrillator therapies and mortality for several years following CRT-D implantation or upgrade. Material and methods: Eighty-eight patients with ischemic (ICM) or non-ischemic dilated cardiomyopathy (DCM) and at least one CRT-D replacement were included in this study and analyzed for incidence of non-sustained ventricular tachycardia (NSVT), defibrillator shocks, anti-tachycardia pacing (ATP) and mortality. Results: ICM was the underlying disease in 59%, DCM in 41% of patients. During a mean follow-up of 76.4 ±24.8 months the incidence of appropriate defibrillator therapies (shock or ATP) was 46.6% and was elevated in ICM compared to DCM patients (57.7% vs. 30.6%, respectively; p = 0.017). Kaplan-Meier analysis revealed significantly higher ICD therapy-free survival rates in DCM patients (p = 0.031). Left ventricular ejection fraction, NSVT per year and ICM (vs. DCM) were independent predictors of device intervention. The ICM patients showed increased mortality compared to DCM patients, with cumulative all-cause mortality at 9 years of follow-up of 45.4% and 10.6%, respectively. Chronic renal failure, peripheral artery disease and chronic obstructive pulmonary disease were independent predictors of mortality. Conclusions: The clinical course of patients with ICM and DCM treated with CRT-D differs significantly during long-term follow-up, with increased mortality and incidence of ICD therapies in ICM patients.
Introduction
Cardiac resynchronization therapy (CRT) has evolved into a broadly used treatment for patients suffering from chronic heart failure with severely reduced left ventricular ejection fraction (LVEF) and left bundle Cardiomyopathy branch block to reduce morbidity and mortality [1, 2] . Furthermore, it is known that the risk of sudden cardiac death (SCD) due to ventricular tachycardia (VT) or ventricular fibrillation (VF) can be reduced by an implantable cardioverter defibrillator (ICD) in these patients [2, 3] . Up to now there is insufficient clinical data from randomized clinical trials to prove superiority of a combined CRT and ICD implantation (CRT-D) over CRT pacemakers (CRT-P) [1, 4] . Besides improvement of LVEF there is evidence for anti-arrhythmic effects following CRT implantation [5] . A recent meta-analysis of more than 12,000 patients demonstrated a reduction in the risk of all-cause mortality for CRT-D, which was more pronounced in patients suffering from ischemic cardiomyopathy (ICM) compared to non-ischemic dilated cardiomyopathy (DCM) [4] . Detailed data on arrhythmic events and respective ICD therapies in CRT-D patients during long-term follow-up are scarce. Analysis of the German DEVICE-registry did neither show a mortality difference nor a disparity in first ICD shock delivery according to heart failure etiology in CRT-D patients [6] . McLeod et al. observed no significant difference in appropriate or inappropriate shocks but reported a greater improvement of left ventricular systolic function (also shown by Barsheshet et al. [7] and in the MADIT-CRT study [8] ) and a significant difference in survival favoring DCM patients [9] . In ICD patients as well, most studies reported similar shock delivery rates for ICM and DCM [10, 11] .
Follow-up in the above-mentioned studies rarely exceeds 4 years and we therefore aimed to delineate differences between ICM and DCM patients treated with CRT-D in incidence of ventricular arrhythmia and ICD therapies as well as mortality during long-term follow-up of at least 5 years.
Material and methods

Study design
The present study is a retrospective single-center study at a German tertiary care university hospital. The study was approved by the local ethics committee. All procedures performed were in accordance with the ethical standards of the institutional research committee and with the 1964 Helsinki declaration. To ensure long-term follow-up of more than 5 years, only patients with CRT-D replacement due to end of the battery lifespan between February 2007 and November 2015 were included. This selection resulted in 88 patients with first CRT-D implantation between 2002 and 2011 that were routinely (3-6 months intervals) followed up as outpatients at our department.
CRT-D devices were either implanted primarily or patients were upgraded from pre-existing pacemaker, ICD or CRT-P devices. Both directly implanted and upgraded patients were only included following at least one replacement of CRT-D due to end of the battery lifespan.
The primary endpoints were mortality and a composite of appropriate ATP or shock by ICD. The secondary outcomes were appropriate ATP or shock by ICD, respectively.
The LVEF was calculated via transthoracic echocardiography by biplane Simpson method. Change in LVEF was defined as difference between the LVEF prior to CRT-D implantation/upgrade and the last documented LVEF. To account for differences due to varying follow-up durations the change in LVEF, total numbers of shocks for VT/VF, ATP for VT/VF and non-sustained VT/VF (NSVT/NSVF) are presented per year.
Arrhythmia events and device therapies
Each individual follow-up at our center was analyzed for occurrence of ventricular arrhythmia and ICD therapies (shock or ATP) starting with the first visit after initial CRT-D implantation or upgrade. In patients having received an upgrade from ICD to CRT-D, arrhythmia and device therapies before the upgrade were not included. All arrhythmia episodes and device therapies were analyzed by two different physicians with long-standing experience in device therapy. If in doubt, electrograms were sent to the respective company. Appropriate therapy was defined as shock or ATP for real VT or VF following analysis of the intracardiac electrograms. NSVT and NSVF were defined as true arrhythmia episodes < 30 s in the respective programmed VT or VF zones.
Device programming
CRT-D devices were programmed individually according to standard clinical care at our center. The pre-set parameters were almost never used. In general, two or three therapy zones (mainly one VT zone, one VF zone and possibly an additional fast VT (FVT) zone) were programmed. VT was primarily treated with ATP and possibly consecutive ICD shocks. VF was primarily treated with ICD shock with ATP during charging if available.
Typically, defibrillator settings (for primary prevention) were programmed as follows: VT zone: cycle length: 350-400 ms; detection: 20-24; redetection: 12; VF zone: cycle length: 300-320 ms; detection: 18 of 24; re-detection: 12 of 16.
After emergence of the MADIT-RIT study [ 
Results
Study population
The study population consisted of 88 patients who received a CRT-D according to guideline recommendations for the treatment of chronic heart failure as either de novo implantation or an upgrade from a previously implanted ICD, pacemaker or CRT-P. Mean follow-up was 76.4 ±24.8 months. ICM was the underlying etiology in 52 (59%) patients and DCM in 36 (41%) patients. The mean age of our study population at first CRT-D implantation/upgrade was 68.0 ±9.1 years and the mean LVEF prior to CRT-D was 25 ±7%. Baseline characteristics and medication of all patients and the ICM and DCM subgroups are presented in Table I . ICM patients were older than DCM patients (p = 0.011) and more often male (p = 0.032). DCM patients had a higher body mass index (p = 0.009). Of note, there was no difference in BMI between patients without sleep apnea and those with central or obstructive sleep apnea (27. , respectively). The use of statins was more frequent in ICM patients (p = 0.002). 76.1% of the whole study population were treated with an ACE inhibitor or AT-1 blocker, 92.0% received a β-blocker and 45.5% were additionally treated with an aldosterone antagonist. Functional NYHA class was only numerically higher in ICM patients (p = 0.095).
Device-related characteristics
The majority of devices (89.8%) were implanted for primary prevention of SCD. The mean time to first CRT-D replacement due to end of the battery lifespan was 45.6 ±10.3 months and to second replacement 101.1 ±14.3 months. There was no significant difference between ICM and DCM patients. Atrial pacing (AP) and bi-ventricular pacing (biVP) rates at last follow-up were comparable between the groups. Both ICM and DCM patients had excellent biVP rates with a median of 99% each. The median change in LVEF per year was 0.4% (0.0, 1.5) for ICM and 1.5% (0.0, 3.3) for DCM patients (p = 0.112). All essential device-related characteristics are shown in Table II .
ICD therapies in ICM and DCM patients
Appropriate shocks were delivered in 29 (33.0%) and ATP in 35 (39.8%) patients. Forty-one (46.6%) patients had any device therapy (appropriate shock or ATP), with significantly higher therapy rates in patients with ICM (57.7%) compared to DCM patients (30.6%) (p = 0.017). A detailed overview of ICD therapies is displayed in Table II . A total of 6 (6.8%) patients received inappropriate shocks, which did not differ between the groups (p = 0.221). ICM patients had significantly more ATP for VT treatment per year (p = 0.049). There was no difference in the incidence or amount of NSVT/NSVF between the groups. The secondary endpoints, shock-free ( 
Predictors of ICD intervention
Univariate Cox proportional analyses for appropriate device intervention revealed a significant influence of male gender, LVEF (per 5%), ICM (versus DCM) and NSVT (Table III) . Subsequently these were fitted as independent variables in a multivariate Cox proportional hazards model with ICD therapy as the dependent variable. In this model, ICM patients had a 150% higher risk for defibril- lator therapies when compared to DCM patients (HR = 2.529). Each NSVT per year resulted in a 6% increase in the risk for ICD intervention (HR = 1.056), whereas each 5% of LVEF reduced the risk for ICD therapy by 30% (HR = 0.703) (Table III) .
Mortality in CRT-D patients
DCM patients had a significantly higher survival rate compared to ICM patients ( Figure 2 ). The cumulative all-cause mortality at 3, 6 and 9 years of follow-up was 0.0%, 12.5% and 45.4% for ICM and 0.0%, 6.8% and 10.6% for DCM patients, respectively. Since only patients with at least one CRT-D replacement were included in this study, there were no deaths < 50 months after implantation.
Predictors of mortality
Univariate Cox proportional analyses for mortality revealed a significant influence of central sleep apnea, ICM (versus DCM), peripheral artery disease, chronic renal failure and chronic obstructive pulmonary disease (COPD) ( Table IV) . Subsequently these were fitted as independent variables in a multivariate Cox proportional hazards model with mortality as the dependent variable. In this model, patients suffering from peripheral artery disease had a 279% higher risk for mortality (HR = 3.786), whereas in patients with COPD mortality increased by 289% (HR = 3.889). Chronic renal failure led to a 225% increase of mortality (HR = 3.236) ( Table IV) .
Subgroup of patients with primary preventive CRT-D implantation
Seventy-nine (89.8%) patients received their CRT-D for primary prevention. This subgroup of our study population revealed reduced therapy-free survival and increased mortality in ICM compared to DCM patients as well (Figures 3 A, B, respectively) . ICM, NSVT and LVEF were predictors of appropriate device intervention (Table V) , whereas peripheral artery disease and COPD predicted mortality (Table VI) . 
ICM -ischemic cardiomyopathy, DCM -non-ischemic dilated cardiomyopathy, CRT-D -cardiac resynchronization therapy combined with an implantable cardioverter defibrillator (ICD), ATP -anti-tachycardia pacing.
Free of appropriate shock
Free of appropriate therapy 
Direct implantation or upgrade to CRT-D
In total, 25 (28.4%) patients received an upgrade to CRT-D (Table II) . Significantly more ICM patients were upgraded compared to DCM patients (40.4% and 11.1%, respectively; p = 0.004), especially when a previous ICD was upgraded (12 patients in total) . In 2 patients a CRT-P and in 11 patients a pacemaker was upgraded to CRT-D. ICD therapy-free survival was similar between directly implanted and upgraded CRT-D devices (Figure 4) . Comparing directly implanted and upgraded CRT-D in ICM or DCM patients alone, resulted in comparable event-free survival rates as well (data not shown).
Discussion
The present study evaluated the occurrence of ventricular arrhythmia and concomitant ICD therapies in CRT-D patients who survived until first device replacement due to end of the battery lifespan. This pre-selection was chosen to guarantee long-term real-world follow-up for a median of 6-7 years, since previous studies rarely provided information about more than 3-4 years. Data were analyzed for differences between the two major cardiomyopathy etiologies, ischemic and non-ischemic dilated cardiomyopathy, which cause heart 
ICM -ischemic cardiomyopathy, DCM -non-ischemic dilated cardiomyopathy, CRT-D -cardiac resynchronization therapy combined with an implantable cardioverter defibrillator (ICD).
Free of appropriate therapy Kaplan-Meier analysis revealed a significantly higher rate of any ICD therapy in ICM patients. This was mainly driven by a higher rate of ATP. To date, most studies have reported similar VT/ VF or shock rates in CRT-D patients when comparing ICM and DCM [6, 9, 11] . In a post-hoc analysis of the MADIT-CRT study population Kutyifa et al. reported an incidence of first VT/VF of 27% in ICD and 22% in CRT-D patients after a follow-up of 40 months [13] . In our study, we observed at 40 months a higher rate of 38.7% (therapy for VT/ VF). In another study including more than 67,000 patients the cumulative shock incidence was 33% (ICD) and 28% (CRT-D) 5 years after device implantation [14] . This is very similar to our shock incidence of 27.5% at 60 months of follow-up. Valles et al. reported an annual shock rate in ICD patients of 10% for ICM and 4% for DCM [15] . Taken together, some previous studies observed at least numerically higher shock rates in ICM patients when compared to DCM patients, but their follow-up duration rarely exceeded 40 months and mainly ICD shocks were analyzed. Our study now adds more than 3 years of extra longitudinal observation and additional data on ATP. Therefore, extended follow-up and the combination of shock and ATP as the endpoint might explain why the presented significant differences between ICM and DCM patients were detected now. Both patient populations have different patterns of myocardial scarring with predominantly endocardial scar formation following ischemia versus more isolated mid-myocardial or epicardial scars in DCM patients. For both etiologies it was shown before that myocardial scarring has an impact on the occurrence of arrhythmia [16, 17] . Therefore, the differing patterns of scar formation might translate into differential arrhythmia and ICD therapy rates.
In addition to the higher rate of ICD interventions, we could also demonstrate a significant increase in mortality for patients suffering from ICM compared to DCM patients. So far there have been conflicting data on mortality when comparing both cardiomyopathies treated with CRT-D, ranging from a reduction in all-cause mortality in ICM patients [4] , through no difference in mortality [6] , to a survival benefit in DCM patients [9] . The recently published DANISH-Trial reported no reduction in mortality following prophylactic implantation of an ICD in heart failure patients without coronary artery disease [18] . Interestingly, more than 50% of the study population were treated with CRT-D or CRT-P devices. Here we report a higher risk for ICD interventions and increased mortality in ICM patients, likewise in the subgroup of primary prophylactic implanted devices. The excess mortality seems to be at least in part due to a higher rate of co-morbidities in ICM patients. Peripheral artery disease, COPD and chronic renal failure share pathophysiological mechanisms as well as risk factors with coronary artery disease, and rates were numerically higher in patients with ICM. Due to our small patient population these differences were not significant, but multivariate analysis identified these three parameters as strong predictors of mortality. This is in line with previous studies reporting increased mortality in patients with coronary artery disease combined with COPD [19] [20] [21] , peripheral artery disease [22, 23] or chronic renal failure [24] .
Interestingly, univariate analysis for mortality prediction revealed a significant impact of central but not obstructive sleep apnea, which is in line with a recent meta-analysis by Nakamura et al. [25] . Most certainly due to the small patient population with central sleep apnea, no significant predictive value was observed in the multivariate analysis.
We could identify LVEF, NSVT per year and ICM as independent predictors of ICD intervention. For MADIT-CRT patients it has previously been shown that each 5% of LVEF was associated with a 30% reduction in risk for fast VT/VF [13] . In our study we could reproduce this amount of risk reduction (HR = 0.703). For ICD patients it has been demonstrated before that the occurrence of NSVT is accompanied by an increased risk of ICD interventions [26, 27] , which we could now also demonstrate in CRT-D patients (6% increase in risk for ICD intervention per occurrence of NSVT per year).
We did not observe any difference in eventfree survival between upgraded and directly implanted CRT-D devices. Since significantly more ICM patients were upgraded and patients with ICM showed higher rates of device therapies, this might have influenced the results. Therefore, we analyzed ICM and DCM patients separately and event-free survival remained similar between upgrade and direct implantation.
In addition to the small size of our study population, the retrospective design implies several known limitations. Differences in CRT-D programming for device therapies over time might have influenced the rate of shocks and ATP [12] , but similarly in patients with ICM and DCM. We report real-world data from a typical non-selected patient population during standard clinical practice. Throughout the whole study period, the devices were programmed according to current recommendations at the respective point in time. Furthermore, our pre-selection to include only patients who survived until the first CRT-D replacement due to end of the battery lifespan might have induced a certain bias, potentially compromising translation of our results to all patients immediately after CRT-D implantation.
In conclusion, this present study reveals a different rate of arrhythmic events, subsequent ICD therapies and mortality depending on the underlying etiology of the cardiomyopathy. Patients with ICM had significantly more device interventions during long-term follow-up, an overall 150% higher risk for shock/ATP application and increased mortality. The LVEF prior to device implantation, ICM as heart failure etiology and NSVT were the strongest predictors of device therapy, whereas peripheral artery disease, COPD and chronic renal failure were the strongest mortality predictors.
